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Title: Antimicrobial composition for local use on mucosal membranes and 
skin 

All patent and non-patent references cited in the application, or in the present 
5 application, are also hereby incorporated by reference in their entirety. 

Field of invention 

The present invention relates to an antimicrobial composition comprising a system 
1 0 of lysozyme and glycosylated immunoglobulins. The present invention further 
relates to the method of preparation said composition as well as use of the 
composition for the treatment and/or prevention of infections. 



15 



Background of invention 

Infections of the mucosal membranes and skin infections are caused by both Gram 
positive and Gram negative bacteria. 

Antimicrobial agents are used for local use on mucosal membranes and for local 
20 use of lesions to the skin. The purpose of a local treatment may be to supplement a 
systemic treatment by local use in suitable cases where adequate concentrations of 
the antimicrobial agent cannot be achieved in local foci of infection by systemic 
treatment alone, e.g. in the treatment of paronychion. 

25 Local treatment using antibiotics in the form of a cream or an ointment is also 

conducted in case of superficial infections. By choosing such a treatment instead of 
a systemic treatment with antibiotics a number of side-effects that may be 
associated with systemic treatment can be avoided. 

30 Furthermore, a number of diverse disinfectants are used in the treatment of infected 
lesions to the skin. Both groups of antimicrobial agents for local use, the group of 
antibiotics and the group of disinfectants, suffer from substantial disadvantages. 

Antibiotics 
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By systemic treatment using antibiotics a risk of sensitization of the patient is always 
present but such a risk is substantially increased by local use of the antibiotic in 
question. For this reason one is often reluctant in cases of trivial infections of 
mucosal membranes and skin to locally use antibiotics in form of creams or 
5 ointments as sensitization caused by one or more antibiotics will decrease the 
possibility of treating a patient should a serious infection occur later in life. 
Furthermore, local treatment using antibiotic implicates an increased risk of the 
development and selection of resistant bacteria, in this respect particularly long-term 
treatment of skin infections is alarming. 
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Disinfectants 

Disinfectants for the treatment of localised or superficial infections are collectively to 
be recognized as general cell damaging agents. The most widely used disinfectants 
include iodophor, chlorhexidine, quaternary ammonium compounds, hydrogen 
15 peroxide and acids. 
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Lysozyme 

In 1922 the bacteriologist Alexander Flemming discovered a hitherto unknown 
enzyme which he termed lysozyme due to its ability to lyse a number of different 
20 bacteria. 

Lysozyme is present in a number of biological fluids such as egg white, milk, blood 
and tears. Alexander Flemming had great expectations for lysozyme as a 
therapeutic for treatment of infectious diseases but soon it became clear that no 
effect of lysozyme against the most common pathogenic bacteria could be detected 
The fact that lysozyme is functional against some bacteria and not against other 
types of bacteria is due to differences in the outer membrane of bacteria. It is well 
known in the art that Gram positive bacteria are lyzed in the presence of lysozyme 
whereas Gram negative bacteria are not affected by lysozyme. The reason for this is 
that the outer layer of the cell membrane of Gram positive bacteria consists of 
peptidoglycan (Fig. 1) which is readily degraded by lysozyme which causes the 
bacteria to die (Fig. 3). 

The situation for Gram negative bacteria is different from that of Gram positive 
bacteria. In Gram negative bacteria the outer layer of the cell membrane consists of 
^polysaccharide and only after that a layer of peptidoglycan (Fig. 2). As lysozyme 
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is not able to cleave the layer of iipopolysachharide (Fig. 4) it means that this outer 
layer has to be removed or to be perforated before the lysozyme can destroy Gram 
negative bacteria. 



5 Through the years a number of efforts have been made in order to solve this 

problem without achieving satisfying results. One has tried to combine lysozyme and 
EDTA, polysorbate, potassium sorbate amongst other but none of these methods 
have been suitable for the design of a composition for use on mucosal membranes 
and skin, moreover, a general effect on the wide range of Gram negative bacteria 
1 0 has not been achieved. 



Immunoglobulins (gammaglobulins, antibodies) 

In 1890 Emil von Behring published a scientific paper on the work on treatment of 
tetanus using antitoxin. Subsequent studies have shown that antitoxin was 

1 5 immunoglobulins which became the starting point for passive immunotherapy in 
which immunoglobulins were prophylactically injected intramuscularly or 
subcutaneously against for example botulism, diphtheria, adder bite and snake bite. 
The immunoglobulins all derived from immunized animals and were directed against 
toxins. Furthermore.immunoglobulins of human origin are applied in the prophylaxis 

20 of tetanus and hepatitis B. 

It is well known that immunoglobulins play a role in the control of microbial 
infections. First, specific immunoglobulins bind to the surface of the bacteria 
whereby opsonization is possible which renders the bacterium in question more 

25 attractive to the phagocytes. It is furthermore well known that immunoglobulins on 
their own are not able to kill bacteria. It is necessary that an intact complement 
system is present which is activated by the immunoglobulins in order to kill bacteria. 
The fact that immunoglubulins are dependent on complement or phagocytes in the 
battle against bacteria has the effect that immunoglobulins are only seen to be 

30 capable of having an effect when they are injected whereby the immunoglobulins 

are mixed with serum and tissue fluid in which plenty of complement is present. This 
notion is supported by the fact that immunoglobulins do not have any effect against 
bacteria under in vitro conditions. 
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Compositions are described for local use comprising among other things 
immunoglobulins and lysozyme (EP 1068071 and US 4734279). These 
compositions undoubtedly have an effect against Gram positive bacteria due to their 
contents of lysozyme whereas Gram negative bacteria will not be affected by 
5 lysozyme nor lysozyme in combination with native immunoglobulins for local use. It 
is common knowledge that bacteria are equipped with proteolytic enzymes that are 
able to degrade immunoglobulins. Some bacterial enzymes have lgA1 as their 
specific substrate, the socalled post-proline endopeptidases. These measures are 
described in detail by Mogens Killian et al. in APMIS 104: 321-338, 1996. The IgG 
molecule that is not present in mucosal membranes is very sensitive to all sorts of 
proteases and it is inactivated after few minutes in most suspensions of bacteria. 
Thus, repeated experiments in vitro have also shown lack of effect on Gram 
negative bacteria using the combination of lysozyme and native immunoglobulins. 

1 5 Summary of invention 
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The present invention relates to an antimicrobial composition, preferably for local 
use on mucosal membranes and skin comprising a combination of lysozyme and 
glycosylated immunoglobulins. In a preferred embodiment the immunoglobulins 
20 have affinity to Gram negative bacteria. 

Accordingly, the present invention relates to an antimicrobial composition 
comprising a system of lysozyme and glycosylated immunoglobulins. 



25 



In another aspect the invention relates to an antimicrobial composition, comprising 
lysozyme conjugated to a monosaccharide, in particular mannose. 



Lysozyme is able to lyse Gram positive bacteria by degrading peptidoglycan of the 
bacterial cell wall (Fig. 3). The peptidoglycan of Gram negative bacteria is protected 
30 against the action of lysozyme by a layer of lipopolysaccharide (Fig. 4). When 
glycosylated immunoglobulins resistant to proteases bind to the cell wall of the 
Gram negative bacteria the surface of the lipopolysaccharide layer is altered in such 
a manner that lysozyme is able to degrade the underlying peptidoglycan layer, 
resulting in bacteriolysis (Fig. 5). 
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In a further aspect the invention relates to the preparation of the antimicrobial 
composition described above, comprising the steps of 

a) obtaining immunoglobulins 
5 b) glycosylating the immunoglobulins 

c) obtaining native or conjugated lysozyme 

d) mixing the glycosylated immunoglobulins and the lysozyme, and 
optionally adding additives, thereby obtaining the antimicrobial 
composition. 

10 Or 

comprising the steps of 

a) obtaining the lysozyme 

b) conjugating the lysozyme, and optionally adding additives, thereby 
obtaining the antimicrobial composition. 

15 

Furthermore, the invention relates to the use of lysozymes and glycosylated 
immunoglobulins for the preparation of an antimicrobial composition as defined 
above. In particular the composition is useful for preventing and treating infections, 
and accordingly, the invention also relates to the use of lysozymes and glycosylated 
20 immunoglobulins for the preparation of an antimicrobial composition as defined 
above for the prophylaxis and/or treatment of an infection. 

The invention also relates to the use of a conjugated lysozyme for the preparation of 
an antimicrobial composition as defined above. In particular the composition is 
25 useful for preventing and treating infections, and accordingly the invention also 

relates to the use of a conjugated lysozyme for the preparation of an antimicrobial 
composition as defined above for the prophylaxis and/or treatment of an infection. 

In a final aspect the invention relates to a method of preventing and/or treating an 
30 infection in an animal, including a human, comprising administering to said animal 
an effective amount of any of the compositions as defined above. 

Description of Drawings 
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Figure 1 : 
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Schematic drawing of the cell wall of a Gram positive bacterium. 



Figure 2: 

Schematic drawing of the cell wall of a Gram negative bacterium. 

5 

Figure 3: 

Diagram showing the lysis of a Gram positive bacterium using lysozyme. 
Figure 4: 

1 0 Diagram illustrating that Gram negative bacteria are not affected by lysozyme alone. 
Figure 5: 

Diagram showing the lysis of a Gram positive bacterium using glycosylated 
immunoglobulin and lysozyme according to the invention. 

15 

Detailed description of the invention 
Definitions 

20 Agglutination is a clumping of bacteria when held together by antibodies. 

Antigen determinant is a surface feature of a microorganism or macromolecule, - 
such as a glycoprotein, that elicits an immune response. 

25 Antigen is any foreign substance, such as a virus, bacterium, or protein that elicits 
an immune response by stimulating the production of antibodies. An antigen is a 
substance that stimulates the production or mobilization of antibodies. An antigen 
can be a foreign protein, toxin, bacteria, or other substance. 

JO FC fragment is the constant region on an immunoglobulin molecule. This area is 
exactly the same oh all antibodies. The region is found on the heavy chains and is 
not involved in binding antigens. 
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Glycosylation is understood to be the process of adding sugar units such as in the 
addition of monosachharides or polysaccharides to proteins. 
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Gram negative bacteria are bacteria whose cell wall stains pink (negative) in Gram 
stain. The cell wall of a gram-negative bacterium contains relatively little 
peptidoglycan but contains an outer membrane composed of lipopolysaccharide 
5 (LPS), lipoprotein, and other complex macromolecules. 

Gram positive bacteria are bacteria whose cell wall stains purple (positive) in Gram 
stain. The cell wall of a gram-positive bacterium consists primarily of peptidoglycan 
and lacks the outer membrane of Gram-negative cells. 

10 

Heavy chains are the heavier of the two types of polypeptide chains that are found 
in immunoglobulin and antibody molecules. 

IgA is the principal antibody of the membranes of the respiratory and gastrointestinal 
15 tracts. 

IgA dimer is a form of IgA in which two IgA molecules are covalently linked to a 
secretory component. 

20 IgG is the main class of immunoglobulins produced towards the end of a primary 
immune response and in a secondary response. IgG is the main antibody defence 
against bacteria. 

IgM is a class of immunoglobulins involved in fighting infection of the blood by 
25 attacking antigens often antigens present on bacteria. IgM triggers the production of 
IgG 



IgY is a class of immunoglobulins isolated from the egg yolks of hens. 

Immunoglobulins are antibodies. Antibodies are found in blood and tissue fluids 
produced by cells of the immune system to bind to substances in the body that are 
recognized as foreign antigens. Immunoglobulins sometimes bind to antigens that 
are not necessarily a threat to health. In the text the term 'immunoglobulin' is 
identical to the term 'antibody'. 
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Monoclonal antibodies are immunoglobulin molecules of single- epitope specificity 
that are secreted by a clone of B cells. 

Mucosal membranes are moist tissue that lines some organs and body cavities 
5 (such as nose, mouth, lungs, vagina and gastrointestinal tract) and secretes mucous 
(a thick fluid). 

Peptidoglycan is a polymer of amino sugars (mainly N-acetylglucosamine and N- 
acetylmuramic acid). 

10 

Polyclonal antibodies are a mixture of immunoglobulins secreted against a specific 
antigen, each recognizing a different epitope. 

The object of the present invention is to provide an antimicrobial composition for 
1 5 local use without the side-effects and the disadvantages involved when using 
antibiotics and disinfectants. 

According to the invention this is achieved by a composition comprising a system 
comprising a combination of lysozyme and glycosylated immunoglobulin. 

20 

The advantage of the present invention is that it has solved the problem of lysozyme 
penetrating the outer lipopolysaccharid membrane on Gram negative bacteria and 
thus created a possibility of degrading the peptidoglycan membrane resulting in 
bacteriolysis (Fig. 5). 

25 

The invention is based on in vitro experiments using Gram negative bacteria and 
glycosylated immunoglobulins directed against antigens present on the surface of 
the bacteria. 

30 Upon attachment of a glycosylated immunoglobulin on the surface antigen of the 
bacterial wall it was shown that the bacteria could be killed using lysozyme. 
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The possible explanation of this phenomenon is that the glycosylated 
immunoglobulin molecule (the antibody) binds to the surface antigen determinant of 
the bacterial wall whereby the characteristics of the surface of the bacterial wall is 
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altered in such a manner that lysozomal activity on the underlying layer of 
peptidoglycan is possible. 

In one aspect of the invention the system comprises a combination of lysozyme and 
5 glycosylated immunoglobulins. 

In one embodiment of the invention the glycosylated immunoglobulins originate from 
biological fluids such as milk, whey, blood, plasma, or serum. It is desirable that the 
glycosylated immunoglobulins derive from milk. It is further desirable that the 

0 glycosylated immunoglobulins derive from colostrum. Moreover, it is preferred that 
the glycosylated immunoglobulins derive from a combination of milk and colostrum. 
It is further desirable that the immunoglobulins derive from egg yolks. 
In a second embodiment the glycosylated immunoglobulins derive as a result of 
genetic engineering as recombinant proteins. Furthermore, glycosylated 

5 immunoglobulins are synthesized chemically. According to the invention the term 
'immunoglobulins' covers fragments or parts of immunoglobulins that actively 
recognizes an antigen. 

It is preferred that the used immunoglobulins remain functional for a prolonged time, 
3 also after administration. Thus, it is preferred that the immunoglobulins are intact 
and resistant towards bacterial proteases. This is achieved by glycosylating 
immunoglobulins, for example by glycosylating the FC fragment of the 
immunoglobulins. An example is wherein 10 g pooled immunoglobulins 77,0% IgG, 
7,6% IgA and 15,4% IgM are dissolved in 25 ml 1 M solution of glucose and 
5 incubated at 45°C. During the incubation the glucose will establish covalent bonds 
particularly to the Fc fragment of the IgG molecule which can be tested by 
demonstrating the loss of ability to bind complement. However, the ability of the 
glycosylated immunoglobulins to agglutinate is unchanged. An analogous 
glycosylate has been observed in vivo in insufficiently insulin-regulated patients 
) suffering from diabetes. A glycosylated immunoglobulin is extremely resistant to 
pancreatic proteases as well as bacterial proteases. 

In one embodiment of the invention the immunoglobulins are glycosylated at 
preferably the FC fragment of the immunoglobulin molecule by the establishment of 
■ covalent bonds between the FC fragment and the sugar moiety. In a particular 
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embodiment of the invention the moiety is a monosaccharide. It is particularly 
preferred that the moieties are selected from glucose, galactose, fructose, mannose 
and talose. 



5 It is preferred that the glycosylated immunoglobulins have half-lives that are longer 
than non-glycosylated immunoglobulins directed against an Identical antigen 
assessed in vitro and/or in vivo, such as in the range of 1 .1 times longer half-lives to 
50 times longer half-lives, such as at least 1 .1 times longer, such as at least 2 times 
longer, such as at least 3 times longer, such as at least 4 times longer, such as at 
10 least 5 times longer, such as at least 10 times longer, such as at least 15 times 

longer, such as at least 20 times longer, such as at least 25 times longer, such as at 
least 30 times longer, such as at least 35 times longer, such as at least 40 times 
longer, such as at least 45 times longer, such as at least 50 times longer. 

15 The half-lives of the glycosylated immunoglobulins are increased due to 

glycosylation whereby the resistance to proteases is increased. The proteases are 
selected from the groups of proteases of bacterial origin, pancreatic enzymes, 
proteolytic enzymes originating from fruits and proteolytic enzymes found in gastric 
juice. Proteases of bacterial origin include bacterial post-proline endopeptidases. 

20 Proteolytic enzymes are selected from the types of papain, bromelain, trypsin and 
pepsin. 

It is desirable that the half-live is increased by resistance to at least one protease, 
such as at least two proteases, such as at least three proteases, such as at least 
25 four proteases, such as at least five proteases, such as at least 1 0 proteases. 

Moreover, the half-lives of the glycosylated immunoglobulins are increased due to 
glycosylation whereby the resistance to acids is improved. Acids are such acids as 
those found in gastric juice, in particular hydrochloric acid at pH between1-3. 

30 In one embodiment of the invention the glycosylated immunoglobulins are of 
polyclonal origin. In another embodiment of the invention the glycosylated 
immunoglobulins are of monoclonal origin. In a particular embodiment the the 
immunoglobulins are a combination of both monoclonal and polyclonal origin. The 
glycosylated immunoglobulins may be derived from immunized animals. By 

35 immunized animals is meant animals that actively have been immunized to produce 
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antibodies against a particular antigen. Furthermore, the glycosyated 
immunoglobulins may derive from animals that have not actively been made to 
produce antibodies against a particular antigen but naturally have produced 
antibodies against the particular antigen. In one embodiment the glycosylated 
immunoglobulins derive from mammals. In a particular embodiment the glycosylated 
immunoglobulins derive from animals such as a rabbit, a goat, a cow, or a hamster. 



20 



In one embodiment of the invention at least a part of said glycosylated 
immunoglobulins have affinity to Gram negative bacteria. It is further preferred that 
1 0 said glycosylated immunoglobulins have affinity to antigen determinants present on 
the surface of the bacteria. The system according to the invention is particular useful 
for the treatment of infections with Gram-negative bacteria, such as Gram-negative 
rods and Gram negative cocci. Of course the invention may also be used for 
infections with more than one microbe, such as combinations of Gram negative rods 
1 5 and cocci. The aerobic cocci that belong to the gram negative bacteria are the 

genus including the species N. meningitidis and N. gonorrhoeae. The gram negative 
rods include the Enterobacteriaceae family to which belong the genus Eschericia 
coli, the genus Shigella including the Serotype A- S. dysenteriae, Serotype B- S. 
fiexneri, Serotype C- S. boydii Serotype D- S. sonnei, the geus Edwardsiella (e.g. 
Edwardsiella tarda), the genus salmonella (e.g. S. typhimurium and S. enteritidis), 
the genus citrobacter (e.g. C. diversus, C. freundii), the genus klebsiella (e.g. 
Klebsiella pneumoniae), the genus enterobacter (e.g. E. aerogenes and E. cloacae), 
the genus serratia (e.g. Serratia marcescens), the genus proteus (e.g. P. mirabilis 
and P. vulgaris), the genus Morganella (e.g. Morganella morganii), the genus 
25 providencia (e.g. P. alcalifaciens, the genus yersinia (e.g. Y. enterocolitica and Y. 
pestis). The pleiomorhic gram negative rods include the genus Haemophilus (e. g. 
H. influenzae, H. aegyptius, H. ducreyi), the genus Bordetella (e. g. B. pertussis , B. 
parapertussis), the genus Brucella (e. g. B. abortus, B. suis, B. melitensis, B. canis ), 
the genus Pasteurella (e. g. P. multocida), the genus Legionella (e. g. L. 
30 pneumophila and L micdadei). The group of Miscellaneous gram-negative rods 
include the genera Vibrio (e.g. V. cholerae, V. parahaemolyticus, V. vulnificus), 
Campylobacter (e.g. C. jejuni), Helicobacter (e.g. Helicobacter pylori). Other gram 
negative bacteria include the genera Pseudomonas (e.g P. aeruginosa, B. cepacia), 
Acinetobacter (e.g A baumannii, A. Iwoffi), Flavobacterium (e.g P. 
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meningosepticum). Other gram negative bacteria include the genera Gardnerella 
(e.g. G. vaginalis), and Chlamydia (e.g. C. psittaci, C. trachomatis). 

In a second embodiment of the invention said glycosylated immunoglobulins have 
affinity to Gram positive bacteria. The Gram positive bacteria are rods. Furthermore, 
the Gram positive bacteria are cocci. Moreover, Gram positive bacteria are a 
combination of rods and cocci. The Gram positive bacteria aerobic cocci include the 
genera Micrococus (e.g. M. tuteus, M. roseus, and M. varians), Staphylococcus (e.g. 
S. aureus, S. epidermis), Streptococcus (e.g. Group A. S. pyogenes, group B: S. 
agalactiae, group D: Enterococci faecalis), other: S. pneumoniae, Viridans 
Streptococci, consisting of S. mutans and S. mitis. Other gram positive bacteria 
include the genera Listeria (e.g. L. monocytogenes and L ivanovii), Clostridium (e.g. 
C. tetani, C. difficile, C. perfringens, and C. botulinum), Propione bacteria. 
In a third embodiment of the invention said glycosylated immunoglobulins recognize 
viruses. Viruses include the Family Coronaviridae (e.g. transmissible gastroenteritis 
virus, hemagglutinating encephalitis virus, bovine coronavirus, porcine reproductive 
and respiratory syndrome virus), the Family Paramyxoviridae including the sub- 
families of Paramyxovirinae (e.g human parainflenza virusl, paramyxovirus, 
Measles virus) and Pneumovirinae (e.g human respiratory syncytial virus), the 
Family Orthomyxoviridae including the genera Influenzavirus A, Influenzavirus B, 
Influenzavirus C, Thogotovirus, and Isavirus, the Family Reoviridae including the' 
genera Orthoreovirus, Orbivirus, Rotavirus, Coltivirus, Aquareovirus, the Family 
Herpesviridae including the sub-family Alphaherpesvirinae (e.g. genera Simplexvirus 
and Vesiculovirus), the sub-family Betaherpesvirinae (e.g. genera Cytomegalovirus, 
Roseolovirus, Muromegalovirus) and the sub-family Gammaherpesvirinae (e.g. 
genera Lymphocryptovirus and Radinovirus, the Family Poxyviridae. 

The amount of glycosylated immunoglobulins is preferably in the range of 0.1 to 
90% by weight of the composition, such as at most 80% by weight of the 
composition, such as at most 70% by weight of the composition, such as at most 
60% by weight of the composition, such as at most 50% by weight of the 
composition, such as at most 40% by weight of the composition, such as at most 
30% by weight of the composition, such as at most 20% by weight of the 
composition, such as at most 10% by weight of the composition, such as at most 9% 
by weight of the composition, such as at most 8% by weight of the composition, 
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such as at most 7% by weight of the composition, such as at most 6% by weight of 
the composition, such as at most 5% by weight of the composition, such as at most 
... 4% .by weight of the composition, such as at most 3% by weight of the composition, 
such as at most 2% by weight of the composition, such as at most 1 .5% by weight of 
5 the composition, such as at most 1 % by weight of the composition, such as at most 
0.75% by weight of the composition, such as at most 0.5% by weight of the 
composition, such as at most 0.4% by weight of the composition. In another 
preferred embodiment of the invention the amount of glycosylated immunoglobulins 
is at least 0.1 % by weight of the composition, such as at least 0.2% by weight of the 
1 0 composition, such as at least 0.3% by weight of the composition, such as at least 
0.375% by weight of the composition, such as at least 0.4% by weight of the 
composition. Preferably the amount of glycosylated immunoglobulins is in the range 
of 0.4% to 1 .2% by weight of the composition, in particular the amount of 
glycosylated immunoglobulins is 0.4% or 1 .2% by weight of the composition. 
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In a further embodiment of the invention the glycosylated immunoglobulins are of 
the classes IgG, IgA, IgM, dimer IgA and/or IgY. Preferably the IgG class of the 
pooled immunoglobulins are in the range of 50% to 90% by weight of the 
immunoglobulins, such as at least 55% by weight of the immunoglobulins, such as 
at least 60% by weight of the immunoglobulins, such as at least 65% by weight of 
the immunoglobulins, such as at least 70% by weight of the immunoglobulins, such 
as at least 72.5% by weight of the immunoglobulins, such as at least 75% by weight 
of the immunoglobulins, such as 77% by weight of the immunoglobulins, such as at 
most 90% by weight of the immunoglobulins,, such as at most 85% by weight of the 
25 immunoglobulins, such as at most 82.5% by weight of the immunoglobulins, such as 
at most 80% by weight of the immunoglobulins, such as at most 77% by weight of 
the immunoglobulins. Preferably the IgG class constitutes about 77 % by weight of 
the immunoglobulins. 
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It is desirable that the IgA class contents of the pooled immunoglobulins is in the 
range of 1 % to 20% by weight of the immunoglobulins, such as at least 2% by 
weight of the immunoglobulins, such as at least 3% by weight of the 
immunoglobulins, such as at least 4% by weight of the immunoglobulins, such as at 
least 5% by weight of the immunoglobulins, such as at least 6% by weight of the 
immunoglobulins, such as at least 7% by weight of the immunoglobulins, such as at 
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least 7.5%. Preferably the IgA class content of the pooled immunoglobulins is about 
7.6% by weight of the immunoglobulins. 

The IgM class contents of the pooled immunoglobulins is preferably in the range of 
5 5% to 30% by weight of the immunoglobulins, such as at least 5% by weight of the 
immunoglobulins, such as at least 6% by weight of the immunoglobulins, such as at 
least 7% by weight of the immunoglobulins, such as at least 8% by weight of the 
immunoglobulins, such as at least 9% by weight of the immunoglobulins, such as at 
least 10% by weight of the immunoglobulins, such as at least 1 1 %, such as at least 

1 0 12% by weight of the immunoglobulins, such as at least 1 3% by weight of the 

immunoglobulins, such as at least 14% by weight of the immunoglobulins, such as 
at least 14.5% by weight of the immunoglobulins, such as at least 15% by weight of 
the immunoglobulins. Preferably the IgM class content of the pooled 
immunoglobulins is about 15.4% by weight of the immunoglobulins of the 

15 composition. 



In yet another embodiment of the invention the glycosylated immunoglobulins are 
only of the IgG class, whereby extracted glycosylated IgG is used as the only 
immunoglobulin in the antimicrobial composition. Furthermore, glycosylated IgG in a 
pure form can be mixed with pooled immunoglobulins in the antimicrobial 
composition. IgG in a pure form means that IgG is obtained by purification, or that 
IgG is synthesized chemically, or that IgG is synthesized after molecular 
engineering. The glycosylated IgG constitutes in the range of 0.1 to 90% by weight 
of the composition, such as at most 90% by weight of the composition, such as at 
most 80% by weight of the composition, such as at most 70% by weight of the 
composition, such as at most 60% by weight of the composition, such as at most 
50% by weight of the composition, such as at most 40% by weight of the 
composition, such as at most 30% by weight of the composition, such as at most 
20% by weight of the composition, such as at most 10% by weight of the 
composition, such as at most 9% by weight of the composition, such as at most 8% 
by weight of the composition, such as at most 7% by weight of the composition, 
such as at most 6% by weight of the composition, such as at most 5% by weight of 
the composition, such as at most 4% by weight of the composition, such as at most 
3% by weight of the composition, such as at most 2% by weight of the composition, 
such as at most 1 .5% by weight of the composition, such as at most 1% by weight of 
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the composition, such as at most 0.75% by weight of the composition, such as at 
most 0.5% by weight of the composition, such as at most 0.4% by weight of the 

.composition. In another preferred embodiment of the invention the amount of 

glycosylated IgG is at least 0.1 % by weight of the composition, such as at least 
5 0.2% by weight of the composition, such as at least 0.3% by weight of the 

composition, such as at least 0.375% by weight of the composition, such as at least 
0.4% by weight of the composition. Preferably the amount of glycosylated IgG is in 
the range of 0.4% to 1 .2% by weight of the composition, in particular the amount of 
glycosylated IgG is 0.4% or 1 .2% by weight of the composition. 

10 

In a further embodiment of the invention the glycosylated immunoglobulins are only 
of the IgM class, whereby extracted glycosylated IgM is used as the only 
immunoglobulin in the antimicrobial composition. Furthermore, glycosylated IgM in a 
pure form can be mixed with pooled immunoglobulins in the antimicrobial 

1 5 composition. IgM in a pure form means that IgM is obtained by purification, or that 
IgM is synthesized chemically, or that IgM is synthesized after molecular 
engineering. The glycosylated IgM constitutes in the range of 0.1 to 90% by weight 
of the composition, such as at most 90% by weight of the composition, such as at 
most 80% by weight of the composition, such as at most 70% by weight of the 

20 composition, such as at most 60% by weight of the composition, such as at most 
50% by weight of the composition, such as at most 40% by weight of the 
composition, such as at most 30% by weight of the composition, such as at most 
20% by weight of the composition, such as at most 10% by weight of the 
composition, such as at most 9% by weight of the composition, such as at most 8% 

25 by weight of the composition, such as at most 7% by weight of the composition, 

such as at most 6% by weight of the composition, such as at most 5% by weight of 
the composition, such as at most 4% by weight of the composition, such as at most 
3% by weight of the composition, such as at most 2% by weight of the composition, 
such as at most 1 .5% by weight of the composition, such as at most 1 % by weight of 

30 the composition, such as at most 0.75% by weight of the composition, such as at 
most 0.5% by weight of the composition, such as at most 0.4% by weight of the 
composition. In another preferred embodiment of the invention the amount of 
glycosylated IgM is at least 0.1% by weight of the composition, such as at least 
0.2% by weight of the composition, such as at least 0.3% by weight of the 

35 composition, such as at least 0.375% by weight of the composition, such as at least 
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0.4% by weight of the composition. Preferably the amount of glycosylated IgM is in 
the range of 0.4% to 1 .2% by weight of the composition, in particular the amount of 
. glycosylated IgM is 0.4% or 1 .2% by weight of the composition. 

5 In yet a further embodiment of the invention the glycosylated immunoglobulins are 
only of the IgA class, whereby extracted glycosylated IgA is used as the only 
immunoglobulin in the antimicrobial composition. Furthermore, glycosylated IgA in a 
pure form can be mixed with pooled immunoglobulins in the antimicrobial 
composition. IgA in a pure form means that IgA is obtained by purification, or that 
1 0 IgA is synthesized chemically, or that IgA is synthesized after molecular 

engineering. The glycosylated IgA constitutes in the range of 0.1 to 90% by weight 
of the composition, such as at most 90% by weight of the composition, such as at 
most 80% by weight of the composition, such as at most 70% by weight of the 
composition, such as at most 60% by weight of the composition, such as at most 
1 5 50% by weight of the composition, such as at most 40% by weight of the 

composition, such as at most 30% by weight of the composition, such as at most 
20% by weight of the composition, such as at most 1 0% by weight of the 
composition, such as at most 9% by weight of the composition, such as at most 8% 
by weight of the composition, such as at most 7% by weight of the composition, 
20 such as at most 6% by weight of the composition, such as at most 5% by weight of 
the composition, such as at most 4% by weight of the composition, such as at most 
3% by weight of the composition, such as at most 2% by weight of the composition, 
such as at most 1 .5% by weight of the composition, such as at most 1% by weight of 
the composition, such as at most 0.75% by weight of the composition, such as at 
most 0.5% by weight of the composition, such as at most 0.4% by weight of the 
composition. In another preferred embodiment of the invention the amount of 
glycosylated IgA is at least 0.1% by weight of the composition, such as at least 0.2% 
by weight of the composition, such as at least 0.3% by weight of the composition, 
such as at least 0.375% by weight of the composition, such as at least 0.4% by 
weight of the composition. Preferably the amount of glycosylated IgA is in the range 
of 0.4% to 1 .2% by weight of the composition, in particular the amount of 
glycosylated IgA is 0.4% or 1 .2% by weight of the composition. 

In yet another embodiment of the invention the glycosylated immunoglobulins are 
35 only of the dimer IgA class, whereby extracted glycosylated dimer IgA is used as the 
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only immunoglobulin in the antimicrobial composition. Furthermore, glycosylated 
dimer IgA in a pure form can be mixed with pooled immunoglobulins in the 
antimicrobial composition. Dimer IgA in a pure form means that dimer IgA is 
obtained by purification, or that dimer IgA is synthesized chemically, or that dimer 
5 IgA is synthesized after molecular engineering. The glycosylated dimer IgA 

constitutes in the range of 0.1 to 90% by weight of the composition, such as at most 
90% by weight of the composition, such as at most 80% by weight of the 
composition, such as at most 70% by weight of the composition, such as at most 
60% by weight of the composition, such as at most 50% by weight of the 
1 0 composition, such as at most 40% by weight of the composition, such as at most 
30% by weight of the composition, such as at most 20% by weight of the 
composition, such as at most 10% by weight of the composition, such as at most 9% 
by weight of the composition, such as at most 8% by weight of the composition, 
such as at most 7% by weight of the composition, such as at most 6% by weight of 
1 5 the composition, such as at most 5% by weight of the composition, such as at most 
4% by weight of the composition, such as at most 3% by weight of the composition, 
such as at most 2% by weight of the composition, such as at most 1 .5% by weight of 
the composition, such as at most 1% by weight of the composition, such as at most 
0.75% by weight of the composition, such as at most 0.5% by weight of the 
20 composition, such as at most 0.4% by weight of the composition. In another 

preferred embodiment of the invention the amount of glycosylated dimer IgA is at 
least 0.1% by weight of the composition, such as at least 0.2% by weight of the 
composition, such as at least 0.3% by weight of the composition, such as at least 
0.375% by weight of the composition, such as at least 0.4% by weight of the 
composition. Preferably the amount of glycosylated dimer IgA is in the range of 
0.4% to 1 .2% by weight of the composition, in particular the amount of glycosylated 
dimer IgA is 0.4% or 1 .2% by weight of the composition. 

Another embodiment of the invention the glycosylated immunoglobulins are only of 
30 the IgY class, whereby extracted glycosylated IgY is used as the only 

immunoglobulin in the antimicrobial composition. Furthermore, glycosylated IgY a 
pure form can be mixed with pooled immunoglobulins in the antimicrobial 
composition. IgY in a pure form means that IgY is obtained by purification, or that 
IgY is synthesized chemically, or that IgY is synthesized after molecular 
35 engineering. The glycosylated IgY constitutes in the range of 0.1 to 90% by weight 
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of the composition, such as at most 90% by weight of the composition, such as at 
most 80% by weight of the composition, such as at most 70% by weight of the 
.. composition, such as at most 60% by weight of the composition, such as at most 
50% by weight of the composition, such as at most 40% by weight of the 
composition, such as at most 30% by weight of the composition, such as at most 
20% by weight of the composition, such as at most 10% by weight of the 
composition, such as at most 9% by weight of the composition, such as at most 8% 
by weight of the composition, such as at most 7% by weight of the composition, 
such as at most 6% by weight of the composition, such as at most 5% by weight of 
the composition, such as at most 4% by weight of the composition, such as at most 
3% by weight of the composition, such as at most 2% by weight of the composition, 
such as at most 1 .5% by weight of the composition, such as at most 1% by weight of 
the composition, such as at most 0.75% by weight of the composition, such as at 
most 0.5% by weight of the composition, such as at most 0.4% by weight of the 
composition. In another preferred embodiment of the invention the amount of 
glycosylated IgY is at least 0.1 % by weight of the composition, such as at least 0.2% 
by weight of the composition, such as at least 0.3% by weight of the composition, 
such as at least 0.375% by weight of the composition, such as at least 0.4% by 
weight of the composition. Preferably the amount of glycosylated IgY is in the range 
of 0.4% to 1 .2% by weight of the composition, in particular the amount of 
glycosylated IgY is 0.4% or 1 .2% by weight of the composition. 

Lysozyme is found in a number of biological fluids such as in saliva, egg white, 
tears, blood and milk. Lysozyme cleaves proteoglycans of the peptidoglycan layer of 
bacterial cell walls such as between N-acetylmuraminic acid and N- 
acetylglucosamine whereby the cell wall structure is broken, a process known as 
lysis or bacteriolysis. 

In one embodiment of the invention lysozyme is extracted from biological fluids as 
described above, such as is extracted from hen's egg white. In a second 
embodiment of the invention lysozyme is obtained by genetic engineering as a 
recombinant protein. 



35 



Furthermore, the lysozyme of the antimicrobial composition may be native, whereby 
the term native means non-conjugated. In another embodiment of the invention the 
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lysozyme is conjugated. In a particular embodiment the lysozyme may be 
conjugated to a monosaccharide to enable the binding of lysozyme to bacteria. A 
particularly preferred monosaccharide is mannose. 

5 In a preferred embodiment of the invention the amount of lysozyme is in the range of 
0.05 to 1 0% by weight of the composition, such as at most 1 0% by weight of the 
composition, such as at most 9% by weight of the composition, such as at most 8% 
by weight of the composition, such as at most 7% by weight of the composition, 
such as at most 6% by weight of the composition, such as at most 5% by weight of 

1 0 the composition, such as at most 4% by weight of the composition, such as at most 
3% by weight of the composition, such as at most 2% by weight of the composition, 
such as at most 1 .5% by weight of the composition, such as at most 1 % by weight 
of the composition, such as at most 0.75% by weight of the composition, such as at 
most 0.5% by weight of the composition. In another preferred embodiment of the 

1 5 invention the amount of lysozyme is at least 0.05% by weight of the composition, 

such as at least 0.1 % by weight of the composition, such as at least 0.2% by weight 
of the composition, such as at least 0.3% by weight of the composition, such as at 
least 0.4% by weight of the composition, such as at least 0.5% by weight of the 
composition. Preferably the amount of lysozyme is 0.5% by weight of the 

20 composition. 



The composition according to the invention may be formulated into any suitable 
formulation. In one embodiment the antimicrobial composition is for local use on 
mucosal membranes. The formulation is selected from the groups of a lozenge, a 
tablet to be chewed, chewing gum, a cream, a gel, a wet tissue, a paste, a lotion, an 
ointment and a liniment. In particular, the formulation is a lozenge. Another preferred 
formulation is chewing gum. It is further preferred that the formulation is selected 
from the groups of a cream, a gel, a wet tissue, a paste, a lotion, an ointment and a 
liniment. In a particular preferred embodiment the formulation is selected form the 
group of a cream, a gel and a wet tissue. 

In another embodiment the formulation is for consumption and is selected from the 
groups of breast milk substitute, food for human consumption and animal feed. 
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In yet another embodiment of the invention the antimicrobial composition is for local 
use on skin. Accordingly, for use on skin the formulation is selected from the groups 

9l a crea . m . a 9 el > a wet tissue, a paste, a lotion, an ointment and a liniment. In a 

particular preferred embodiment the formulation is selected form the group of a 
5 cream, a gel and a wet tissue. 



10 



A second aspect of the invention relates to an antimicrobial composition, comprising 
lysozyme conjugated to a monosaccharide to enable the binding of lysozyme to 
bacteria. It is desirable that the lysozyme is conjugated to mannose. 



Lysozyme is found in a number of biological fluids such as in saliva, egg white, 
tears, blood and milk. Lysozyme cleaves proteoglycans of the peptidoglycan layer of 
bacterial cell walls such as between N-acetylmuraminic acid and N- 
acetylglucosamine whereby the cell wall structure is broken, a process known as 
1 5 lysis or bacteriolysis. 

In one embodiment of the invention lysozyme is extracted from biological fluids as 
described above. In a second embodiment of the invention lysozyme is obtained by 
genetic engineering as a recombinant protein. 

20 

In a preferred embodiment of the invention the amount of conjugated lysozyme is in 
the range of 0.05 to 10% by weight of the composition, such as at most 10% by 
weight of the composition, such as at most 9% by weight of the composition, such 
as at most 8% by weight of the composition, such as at most 7% by weight of the 

25 composition, such as at most 6% by weight of the composition, such as at most 5% 
by weight of the composition, such as at most 4% by weight of the composition, 
such as at most 3% by weight of the composition, such as at most 2% by weight of 
the composition, such as at most 1 .5% by weight of the composition, such as at 
most 1 % by weight of the composition, such as at most 0.75% by weight of the 

30 composition, such as at most 0.5% by weight of the composition. In another 

preferred embodiment of the invention the amount of lysozyme is at least 0.05% by 
weight of the composition, such as at least 0.1% by weight of the composition, such 
as at least 0.2% by weight of the composition, such as at least 0.3% by weight of the 
composition, such as at least 0.4% by weight of the composition, such as at least 
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0.5% by weight of the composition. Preferably the amount of lysozyme is 0.5% by 
weight of the composition. 

In one embodiment the antimicrobial composition is for local use on mucosal 
5 membranes. The formulation is selected from the groups of a lozenge, a tablet to be 
chewed, chewing gum, a cream, a gel, a wet tissue, a paste, a lotion, an ointment 
and a liniment. In particular, the formulation is a lozenge. Another preferred 
formulation is chewing gum. It is further preferred that the formulation is selected 
from the groups of a cream, a gel, a wet tissue, a paste, a lotion, an ointment and a 
1 0 liniment. In a particular preferred embodiment the formulation is selected form the 
group of a cream, a gel and a wet tissue. 

In another embodiment the formulation is for consumption and is selected from the 
groups of breast milk substitute, food for human consumption and animal feed. 



In yet another embodiment of the invention the antimicrobial composition is for local 
use on skin. Accordingly, for use on skin the formulation is selected from the groups 
of a cream, a gel, a wet tissue, a paste, a lotion, an ointment and a liniment. In a 
particular preferred embodiment the formulation is selected form the group of a 
20 cream, a gel and a wet tissue. 

Method for preparing the antimicrobial composition 



The antimicrobial composition according to the invention may be prepared by any 
suitable method. Thus, a third aspect of the invention concerns a method of 
preparing the composition by mixing lysozyme as described above with the 
glycosylated immunoglobulins and subsequently mixing the 
lysozyme/immunoglobulin mixture with additives relevant for the formulation in 
question as discussed above. In another embodiment all ingredients are mixed 
30 simultaneously. 

The glycosylate of the immunoglobulins may be carried out in any suitable 
manner. In one embodiment the immunoglobulins are dissolved in a solution 
comprising the disaccharide or monosaccharide in question. In a preferred 
35 embodiment the immunoglobulins are dissolved in a glucose solution and incubated 
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for a predetermined period of time to allow the immunoglobulins to be glycosylated. 
Examples of other monosaccharides and disaccharides are discussed above. 

In one embodiment the lysozyme is conjugated to another moiety. Thus, a fourth 
5 aspect of the invention concerns a method for preparing the antimicrobial 

composition comprising conjugated lysozyme, wherein the lysozyme is conjugated 
prior to the mixing with other ingredients. The other moiety is preferably a moiety 
capable of directing the lysozyme to the microbe in question. Thus, in one 
embodiment the lysozyme is conjugated to mannose. 

10 

Treatment 

A fifth aspect of the invention relates to treatment and/or prevention of infections 
comprising administering to an animal, including a human, an effective amount of an 
15 antimicrobial composition as described above. The infections may be caused by any 
microbe, such as by one or more of the bacteria and viruses discussed above. In 
particular the infections are caused by Gram-negative bacteria. 

The antimicrobial composition may be formulated in any suitable formulation 
20 depending on the localisation of the infection to be treated and/or prevented. 

The antimicrobial composition may be administered at least once daily, such as at 
least twice daily. Each dosage preferably comprises at least 0.1 mg lysozyme and at 
least 0.01 mg immunoglobulin, such as at least 0.5 mg lysozyme and at least 0.05 
25 mg immunoglobulin, such as at least 1 .0 mg lysozyme and at least 0.1 mg 
immunoglobulin. 

Use 

30 In a sixth aspect the invention relates to the use of lysozymes and glycosylated 
immunoglobulins for the preparation of a antimicrobial composition as described 
above. In particular the invention relates to the use of lysozymes and glycosylated 
immunoglobulins for the preparation of a antimicrobial composition for preventing 
and/or treating an infection. 
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The infection may be caused by any microbes, such as the bacteria and viruses as 
discussed herein. 



Examples 

5 

Non classified Gram negative rods and Gram negative cocci were used in laboratory 
experiments. The used lysozyme is extracted from hen's egg white and the 
immunoglobulins have been isolated from bovine milk and colostrum. 

10 Example 1 

Experiment 1a 

The suspension of bacteria (100.000 bacteria per ml) was incubated for half an hour 
in the presence of 5 mg per ml lysozyme at 37°C. Subsequent culturing on an agar 
plate did not show bacterial kill. 

15 

Experiment 1 b 

The suspension of bacteria (100.000 bacteria per ml) was incubated for half an hour 
in the presence of 5 mg per ml lysozyme + 40 micrograms per ml agglutinating 
native antibodies at 37°C. Subsequent culturing on an agar plate did not show 
20 bacterial kill. 

Experiment 1 c 

The suspension of bacteria (100.000 bacteria per ml) was incubated for half an hour 
in the presence of 5 mg per ml lysozyme + 40 micrograms per ml agglutinating 
25 glycosylated antibodies at 37°C. Subsequent culturing on an agar plate showed 1 00 
% bacterial kill. 



Example 2 
Experiment 2a 

The suspension of bacteria consisting of 2 different types of Gram negative bacteria 
are incubated for half an hour at 37°C in the presence of 5 mg per ml lysozyme + 40 
micrograms per ml agglutinating native antibodies specific for one of the bacteria 
types. Subsequent culturing on an agar plate did not show bacterial kill. 



35 



Experiment 2b 
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The suspension of bacteria consisting of 2 different types of Gram negative bacteria 
are incubated for half an hour at 37°C in the presence of 5 mg per ml lysozyme + 40 
micrograms per ml agglutinating glycosylated antibodies specific for one of the 
bacteria types. Subsequent culturing on an agar plate showed 1 00 % bacterial kill of 
5 the bacteria type to which the antibodies were directed against, and no effect on the 
bacteria that did not agglutinate with the used antibodies. 

To correlate the in vitro experiments to the in vivo situation the suspension of 
bacteria was a growth medium such that the exogenous bacterial enzymes were 
1 0 present. 

Examples of compositions comprising the system according to the invention are 
shown below. The percentages are all weight percentages. 

1 5 Example 3 

1) Composition for skin infections and infections of mucosal membranes (gel) 
Lysozyme 0.5% 

Glycosylated immunoglobulins 0.4% 
(pooled IgM, IgG, IgA) 
20 Resingel 99.1% 

100.0% 

Example 4 

2) Composition for skin infections and infections of mucosal membranes (cream) 
Lysozyme 0.5% 

25 Glycosylated immunoglobulins 0.4% 
(pooled IgM, IgG, IgA) 

Cream base 99.1% 

100.0% 

Example 5 

30 3) Composition for skin infections and infections of mucosal membranes (wet tissue) 

Lysozyme 0.5% 

Glycosylated immunoglobulins 0.4% 

Oil of peppermint 0.1% 

Sterile water 99.0% 
35 100.0% 
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Example 6 

31 Lozenge for infections of mouth, throat jmd pharynx. 
Lysozyme 0.5% 
5 Glycosylated immunoglobulins 0.4% 
Flavour additives and tablet additives 99.1% 

100.0% 

Example 7 

4) Tablet to be chewed for infections of the gastrointestinal tract 
10 Lysozyme 0.5% 
Glycosylated immunoglobulins 1 .2% 

Flavour additives and tablet additives 98.3% 

100.0% 

Example 8 

15 Chewing gum with antimicrobial composition 

Lysozyme 0.5% 
Glycosylated immunoglobulins 0.4% 
Chewing gum 99.1% 

100.0% 

20 

Example 9 
Chewing gum base 

Gum base 19.0% 
Powder sugar 61 .4% 

25 Glucose 18.0% 
Glycerine 1 ,o% 

Flavour p.6% 

100.0% 

30 Example 10 

Sugar-free chewing gum base 
Gum base 32.0% 
Sorbitol powder 47.8% 
Sorbitol 70% 13.0% 

35 Mannitol 4.0% 
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Glycerine 2.0% 
Soya Lecithin 0.2% 
flavour 1.0% 

100.0% 

Example 1 1 

Composition for infections of mucosal membranes (vaginal gel) 
Hydroxyethyl cellulose 2.0% 



o 



Lysozyme 0.5% 

10 Glycosylated immunoglobulins 0.4% 

Water 97.1% 

100.0% 

Example 12 
1 5 Breast milk substitute 

Protein 1 , 5 o /o 

Fat 3.5% 

Carbohydrates 7.5% 

Lysozyme 0.5% 

20 Glycosylated immunoglobulins 0.6% 

Vitamins q s 

Minerals q S 

Water q . s 

100.0% 

25 

Example 13 

Supplement for animal feed 
Lyophilised culture of bifido and 

acidophilus bacteria 7.2% 

30 Lysozyme 0.8% 

Glycosylated immunoglobulins 1 .0% 

Glucose 91 .0% 

100.0% 



'0 
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